All precursor complexes were prepared using Schlenk, vacuum line and glove box techniques under a dry nitrogen atmosphere. The reagents were stored and manipulated using a dry, N 2 -purged glove box. 
according to the literature methods. IR spectra were recorded as Nujol mulls between CsI plates using a Perkin-Elmer Spectrum 100 instrument unless otherwise stated and 1 H and 13 C{ 1 H} NMR spectra were recorded from solutions in CDCl 3 or CD 2 Cl 2 on a Bruker AV400 spectrometer, 77 Se{ 1 H} and 125 Te{ 1 H} NMR spectra on a Bruker AV400 spectrometer referenced to external neat SeMe 2 and TeMe 2 , respectively.
Microanalytical results were obtained from Medac Ltd. Note that the yields quoted are those corresponding to the final isolated materials and reflect losses in removing the oils from the Schlenk flasks.
[BiCl 3 (Se n Bu 2 ) 3 ]: BiCl 3 (0.10 g, 0.32 mmol) was dissolved in anhydrous MeCN (10 mL) and the solution cooled to 0 °C. A solution of Se n Bu 2 (0.18 g, 0.96 mmol) in MeCN (10 mL) was slowly added, giving a pale yellow solution which was allowed to warm to room temperature and then stirred for 1 h. The volatile components were removed in vacuo, leaving a viscous yellow oil that was dried in vacuo for 1 h. Yield: 0.19 g, 68 %. 1 
Low Pressure CVD experiments
Physical vapour deposited (PVD) SiO 2 on Si substrates were prepared as described previously. 4 In a typical experiment, the reagent, followed by the PVD silica substrate tiles (usually at least four tiles of 0.5 x 8 x 20 mm) were placed edge-to-edge lengthways in a closed-end silica tube in a glovebox. The amount of precursor used was typically 40-60 mg. The tube was placed horizontally in a Lenton tube furnace (total length = 36 cm of which the central 30 cm is heated) such that the precursor protruded ca. 2 cm beyond the furnace edge.
The tube was evacuated to 0.05 -0.1 mm Hg. The furnace was then heated to the desired temperature (producing a temperature gradient that was profiled between experiments) and the temperature across the tube was allowed to stabilise. The tube was then repositioned to move the precursor closer to the heated zone until evaporation could be observed. The temperatures at which the precursors vaporised sufficiently rapidly for effective thin film growth were measured as: Bi 2 3 ] (E =Se, Te) were first mixed in CH 2 Cl 2 and then transferred to the silica CVD tube. The tube was set in the furnace such that the precursor protruded 2 cm beyond the edge of the furnace. The tube was carefully evacuated (0.05 mm Hg), whereby the CH 2 Cl 2 was gradually evaporated, and then the system was ramped up to 550 o C. The tube position was then adjusted so that the precursor was moved towards the heated zone until evaporation was observed. After 1 h, the tube was cooled to room temperature and transferred to the glovebox, where the tiles were removed and stored under an N 2 atmosphere prior to analysis. The thin film deposits on the substrates were dark grey in appearance. The highest degree of substrate coverage occurred on the tiles closest to the precursor. The films were generally very well adhered to the tiles (except for the Sb 2 Se 3 which were very fragile).
Thin Film Characterisation
X-ray diffraction (XRD) measurements were carried out using a Rigaku SmartLab diffractometer with a 9 kW Cu-K α source, parallel line incident beam and a DTex250 1D detector. The crystalline phase of the films was determined by matching to a literature XRD pattern and lattice parameters calculated by further optimisation of the fit using PDXL. 5 Raman scattering spectra of the deposited films were measured at room temperature on a Renishaw InVia Micro Raman Spectrometer using a helium-neon laser with a wavelength of 633 nm. The incident laser power was adjusted to ~1 mW for all samples. Scanning electron microscopy (SEM) and energy (Table S1 ). Adaptation of the method, where the CVD tube was repositioned such that once the required furnace temperature was reached, the precursor was moved rapidly to the edge of the hot zone, allowed for 'flash evaporation' of the precursor. This allowed Sb 2 Te 3 films to be obtained without co-deposition of elemental tellurium. At 450 C the small crystallites deposited are very scattered and the film is not continuous ( Figure   S5a ). Increasing the temperature to 500 C to increase nucleation led to continuous films of Sb 2 Te 3 being produced. SEM analysis of the films produced at 450 C shows the crystallites to be ca. 100 nm in diameter, whilst those grown at 500 C are ca. 1 µm across, and the substrate coverage is much higher (Fig. S5b) There is no evidence for Cl incorporation into the film. The Raman spectrum (Fig. S6b) of the film shows peaks at 120, 140 and 165 cm -1 , attributed to the E 2g , A 2u and A 1g vibrational modes expected from Sb 2 Te 3 . 13 The electrical properties of the binary M 2 E 3 films were investigated by Hall (or, for Sb 2 Se 3 , van der Pauw) measurements ( Similarly, Hall measurements show that Bi 2 Se 3 also has a low resistivity (8.3 x 10 -4 Ω cm), with a mobility of 4.2 cm 2 /C and carrier density of 2.18 x 10 21 cm -3 . This work * the low density of the orthorhombic Sb 2 Se 3 films deposited was such that reliable Hall measurements were not possible, hence van der Pauw measurements of resistivity were undertaken. (a) (b) Figure S4 : (a) Grazing incidence XRD pattern for Sb 2 Se 3 film deposited from [SbCl 3 (Se n Bu 2 ) 3 ] at 550 C onto SiO 2 with an indexed pattern for bulk Sb 2 Se 3 . 8 The reflection marked with * is due to the underlying Si in the substrate and the peak marked X is due to an unknown impurity; (b) Raman spectra from several regions of the same film. 
